Abstract --Introduction. This protocol describes the production of haploid and dihaploid plants from in vitro anther cultures of M. balbisiana. The principle, key advantages, starting plant material, time required and expected results are presented. Materials and methods. This part describes the required laboratory materials, medium preparation, anther isolation and culture. Results. White, creamy calli emerge from anthers about (6 to 15) weeks after the beginning of the culture. 
Introduction Application
This protocol is recommended to produce haploid and dihaploid plants from in vitro anther cultures of Musa balbisiana.
Principle
The method is derived from Bakry and Horry [1] , Bakry et al. [2, 3] and Assani et al. [4] . Anthers containing microspores in the uninucleate stage are isolated from immature male flowers and incubated on a modified MS medium [5] in the dark to induce callus formation. Calli are separated from anthers and subcultured to induce embryos, which are regenerated. Plant regeneration occurs in the dark.
Key advantages
The protocol facilitates improvement due to the accelerated release of lines from crosses between M. balbisiana clones. It allows one to obtain haploid plant material to conduct genetic studies and somatic hybridization.
Starting material
Male buds (figure 1) must be harvested about 1 month after bunch shooting. Male buds contain male flowers at all developmental stages (immature and mature flowers). Reactive anthers for androgenesis must be excised from immature male flowers positioned in bracts No. 21 or No. 22. At this stage, which corresponds to about 21 days before anthesis, the immature anthers usually contain highly vacuolated uninucleate microspores.
Note:
The following M. balbisiana clones have been found to be reactive with the described protocol: Batu, Tani, Pisang Wulung and Pisang Klutuk Wulung.
Time required
One hour is necessary for the male bud harvest and the identification of the right flower stage development in the lab; 2 h, to extract about 300 anthers from male flowers and to inoculate them on culture medium; 2 to 4 months, for callus induction; 30 to 60 days, to complete the plant regeneration from isolated calli.
Expected results
About 3% to 9% of anthers producing at least one callus can be obtained; plant regeneration is expected from 60% of the calli; an average of 30% haploid and 70% spontaneous diploid plants regenerated from calli.
Materials and methods

Laboratory materials
The protocol requires: -sterile 200-mL beaker, -95% (v/v) ethanol, -clean microscope slides and cover glass, -1% (w/v) aqueous solution of acetocarmine or 2.8% (w/v) NaH 2 PO 4 solution, -sterile stainless steel forceps and scalpels, -sterile dish paper, -standard binocular stereomicroscope (objective magnification ×20), -sterile 9-cm petri dishes, sterile 2.5 cm × 15 cm cap sealed culture tubes for plantlet rooting, -plastic film for closing petri dishes and culture tubes, -incubator or culture room regulated at (27 ± 2)°C for incubation in the dark or in the light.
Note: for preparation of the acetocarmine solution, boil, for 2 h, 1 g of carmine in 100 mL of 45% acetic acid in a balloon-flask with an ascending cooler, then filter and pour the solution into a dark bottle. The solution can be kept in the darkness at a cold temperature for several months.
Medium preparation
• Step1
Prepare the callus induction medium, and the regeneration and the growth medium (tables I, II). Pour 30 mL of callus induction medium into 9-cm petri dishes. Fill tubes with 20 mL of regeneration and growth medium.
Note: media are derived from the basal medium of Murashige and Skoog [3] ; the callus induction and the regenerating medium are supplemented with growth regulators. After autoclaving, media can be stored for 3 weeks in the dark.
Anther isolation and culture
Preparation of the male bud Anther culture
• Step 6
Maintain the cultures in the dark until callus induction (about 5-6 weeks).
Note: do not subculture the anthers before the callus becomes visible in order to avoid anther tissue necrosis. Isolate and transfer the induced calli with a size of 2-4 mm (figure 5) to the regeneration medium and incubate at 27°C in the dark until shoot formation (about 2 months).
Plant growth and ploidy evaluation
• Step 7 Isolate plantlets from the callus and transfer to growth medium for (30 to 40) days in an illuminated culture room (16-h photoperiod, provided by "daylight" fluorescent tubes, 100 µmol·m -2 ·s -1 ).
Note: after the growing stage, plantlets can be subcultured in vitro or transferred to the nursery for acclimatization. Determine the ploidy level of the regenerated plantlets by flow cytometry or chromosome counts.
Troubleshooting
Two main problems can occur: (a) Cultured anthers blacken, which can result from:
-The desiccation of the anthers before culture. Solution: protect the extracted anthers from the direct airflow and speed up the inoculation to the callus induction medium.
-Excess light during culture. Solution: keep the culture in the dark without subculture and do not move the petri dishes for at least 5 weeks.
- 
Typical results obtained
White, creamy calli emerge from anthers are obtained about (6 to 15) weeks after the beginning of the culture ( figure 5 ).
